The zero-crossing derivative spectra method is the most common procedure for the simultaneous determination of binary mixtures of their overlapping spectra. As an example, the derivative spectra of binary mixtures of phospho-and silicomolybdenum blue are illustrated in Fig. 1 . 23 By measuring the derivative values (heights h1 in Fig. 1 ) for mixtures of phosphate and silicate at 806 nm (zero-crossing wavelength of silicomolybdate complex), one can avoid the interference by silicate and the phosphate concentration can be determined. By measuring the derivative values (heights h2 in Fig. 1 Moreover, one disadvantage of the zero-crossing method is the necessity of selecting critical wavelengths for the measurements. This selection causes considerable loss of sensitivity and precision in case of binary mixtures. The so-called "ratio spectra derivative" permits the use of the wavelengths corresponding to maximum or minimum and also the use of the distance between consecutive maximum and minimum, thus avoiding these problems. 24 Salinas et al. 25 developed a derivative quotient spectra method with a standard divisor when the spectra of the components are overlapped. The method was based on dividing the spectrum for a mixture into the standard spectra for each of the analyses and driving the quotient to obtain a spectrum that is independent of the analyte concentration used as a divisor. The use of standardized spectra as divisors minimizes experimental errors and background noise. 26 An accurate choice of standard divisors and working wavelengths is fundamental for several reasons. 25, 27, 28 Easy measurements on separate peaks, higher values of the analytical signals and no need to work only at zero-crossing points (sometimes co-existing compounds have no maximum or minimum at these wavelengths) are advantages for ratio spectra derivative spectrophotometry in comparison with the zerocrossing derivative spectrophotometry. Also, the presence of a lot of maxima and minima in ratio spectra derivative data was another advantage, since these wavelengths give an opportunity for the determination of these compounds in the presence of other active compounds and excipients that possibly interfered with the assay. 29
Several series of papers have been published on the historic development of the DS, 1-5 the properties 1 and limitations of derivative spectra 2 as well as computer programs for resolving derivative spectra 4 and numerical investigation of polynomial methods for differentiating absorption spectra. 5 Since derivative techniques have been widely applied: further development [6] [7] [8] and reviews were reported. [9] [10] [11] [12] [13] [14] [15] [16] [17] The main targets of reviews 17 were basic characteristics of DS and a few analytical applications of DS were given (The number of bibliographic references was 93) .
In a review published some years ago 18 Bosch et al. cover all the methods that were currently available to researchers for utilizing a derivative spectrophotometer (DS) and their analytical applications until 1993. In recent years, the use of DS has become more practical owing to the increase in the resolving power of the analytical instrumentation and the easier access to microcomputers with appropriate software, which allows the almost instantaneous generation of the derivative spectra. This facility in the collection and treatment of the spectra has allowed analysis of multicomponent mixtures of analytes with strongly overlapping spectra.
Recently, wavelet transforms (transfers of multivariate calibration models) were of critical importance to many analytical measurements, particularly for spectroscopic data. [19] [20] [21] [22] Feudale et al. 19 reported an overview of the different methods used for calibration transfer and a critical assessment of their validity and applicability. One-dimensional wavelet transform (WT) was utilized for analyzing the mixture of the overlapping signals of thiamine hydrochloride and pyridoxine hydrochloride. 22 The purpose of this paper is to review several publications on theoretical aspects of DS and its use in chemical analysis, pharmaceutical analysis, food analysis, clinical analysis and the other field of applications published since 1994. Moreover, one disadvantage of the zero-crossing method is the necessity of selecting critical wavelengths for the measurements. This selection causes considerable loss of sensitivity and precision in case of binary mixtures. The so-called "ratio spectra derivative" permits the use of the wavelengths corresponding to maximum or minimum and also the use of the distance between consecutive maximum and minimum, thus avoiding these problems. 24 Salinas et al. 25 developed a derivative quotient spectra method with a standard divisor when the spectra of the components are overlapped. The method was based on dividing the spectrum for a mixture into the standard spectra for each of the analyses and driving the quotient to obtain a spectrum that is independent of the analyte concentration used as a divisor. The use of standardized spectra as divisors minimizes experimental errors and background noise. 26 An accurate choice of standard divisors and working wavelengths is fundamental for several reasons. 25, 27, 28 Easy measurements on separate peaks, higher values of the analytical signals and no need to work only at zero-crossing points (sometimes co-existing compounds have no maximum or minimum at these wavelengths) are advantages for ratio spectra derivative spectrophotometry in comparison with the zerocrossing derivative spectrophotometry. Also, the presence of a lot of maxima and minima in ratio spectra derivative data was another advantage, since these wavelengths give an opportunity for the determination of these compounds in the presence of other active compounds and excipients that possibly interfered with the assay. 29 
2·1 Resolution of binary and ternary mixtures by applying
derivative ratio spectra (derivative quotient spectra) The absorption spectrum of a mixture of three compounds; A, B and C is determined by this equation:
AM,λ i = εA,λ i CA + εB,λ i CB + εC,λ i CC (path-length is 1 cm)
where, AM,λ i is the absorbance value of the mixture at wavelength λi, εA,λ i , εB,λ i and εC,λ i are the molar absorptivities of A, B and C at λi, CA, CP and CC are the molar concentrations of A, B and C, respectively. When we divide this spectrum by the spectrum of a standard solution of one of the components (e.g., A of concentration CA). That is by
we obtain
The first derivative of this spectrum ratio gives
If CC = 0, we have the binary mixture of A and B, and the spectrum in this case is:
In Eq. (5) we can see that the derivative ratio spectrum of binary mixture is dependent only on the value of CB and C˚A and independent of the value of CA in the binary mixture.
As an example, binary mixtures of diazepam and otilonium are analyzed by ratio-spectra derivative spectrophotometry. 30 The method was based on dividing the absorption spectrum for a mixture (diazepam and otilonium) into the standardized spectra for each of the analytes. Derivatization of the obtained spectra gives derivative spectra that are independent of the analyte concentration used as the divisor. In Fig. 2 30 are shown the 1st derivatives of the ratio-spectra of different concentrations of diazepam (10, 20, 30 and 40 µg mL -1 , continuous lines 1 to 4, divisor otilonium, 8 µg mL -1 ) and otilonium bromide (5, 10, 20 and 30 µg mL -1 , dashed lines 1 to 4, divisor diazepam, 3 µg mL -1 ). By a combination of zero-crossing derivative technique and derivative ratio spectra we can resolve the ternary mixture. Equation (4) indicates that the derivative ratio spectrum of ternary mixture is dependent only on CB, CC and C˚A and independent of the value of CA in the binary mixture. The concentrations of B and C can be determined by the zero-crossing method by measuring the derivative values at adequate wavelengths.
The second 
In this Eq. (6) 31 we can see that the second derivative ratio spectrum is dependent only on CB, CC and C˚A.
2·2
Resolution of binary and ternary mixtures by applying double divisor-ratio spectra derivative method Dinc et al. 32, 33 proposed a double divisor-ratio spectra derivative method as a new technique for the simultaneous determination of the three compounds in ternary mixtures. The method was based on the use of the derivative of the ratio spectrum obtained by dividing the absorption spectrum of the ternary mixture by a standard spectrum of a mixture of two of the three compounds in the title mixture. The concentrations of three compounds in their mixture were determined by using their respective calibration graphs that were obtained by measuring the amplitude at either the maximum or minimum wavelengths selected.
In this method, to determine species A, the absorption spectra of the mixture containing A, B and C were divided by the sum of the spectra of B and C as "double divisor" and the ratio spectra were obtained. First derivatives of the ratio spectra were calculated.
The amplitudes measured at selected wavelength λi nm were dependent only on the concentration values CA and C˚C (C˚ is standard concentration), but were independent of the concentration values CB and CC in the ternary mixture. The mathematical expression of this procedure is shown in the following equation:
were the amplitudes measured, d/dλ (Aternar,mix.,λ i /[αB,λ i +βC,λ i ]C˚C), were drawn as a graph, versus concentration of species A, and a straight line was obtained. By using the calibration graph, one could determine the A species in the mixture of A, B and C, where, γA,λ i , αB,λ i and βC,λ i are the molar absorpitivities of the species A, B and C, respectively.
The method was applied for the ternary mixture containing
acetylsalicylic acid (ASA), ascorbic acid (ASCA) and paracetamol (PAR). 33 The derivative spectra of the ternary mixture containing ASA, ASCA and PAR are illustrated in Fig.  3 . 33 In this method, to determine ASA, the absorption spectra of the mixture of ASA, ASCA and PAR were divided by the sum of spectra of ASCA and PAR as double divisor and their ratio spectra were obtained. First derivatives of the ratio spectra were calculated. Figure 3 shows that the first derivative of ratio spectra of pure compound ASA (curve a1) and its ternary mixture (curve a2) were coincided in the spectral region corresponding to a point 271.8 nm. These coinciding points of the derivative of the ratio spectra can be selected as working wavelength for determination of the ASA. The derivative values at 271.8 nm are dependent only on the concentration values of ASA. In the same way, ASCA and PAR were determined.
2·3 Applying multivariate calibration methods to DS
In recent years, the full-spectrum multivariate calibration methods [classical least square (CLS), principal components regression (PCR) and partial least-square (PLS)] have been applied to derivative data. 31, 34 Some researchers have proposed the use of multivariate calibration methods with the derivative techniques. However, their convenience was contradictory. First derivative spectra in combination of different multivariate approaches like multiple linear regression (MLR), inverted least squares (ILS) and PLS was utilized for analysis of four phenolic compounds with UV-visible measurements and a fiber optic probe. 35 Bosque-Sendra et al. 36 have described an experimental design that could be applied to solid phase derivative spectrophotometry. A solid-phase derivative method was based on two-level full factorial designs and sequential experimental Doehlert designs (using two statistical models). These chemometric techniques have been used for optimization of the instrumental and experimental variables of the system. The method was applied to simultaneous determination of binary mixtures of analytes.
Kalman filter was one of the digital filtering techniques used for analyses of multicomponent systems. [37] [38] [39] [40] [41] The application of Kalman filtering to multivariate calibration and drift correction was reported. 42, 43 Procedures developed over the last decade, based on convolution, differentiation (DS), Fourier transforms, correlation, expert systems, neural networks, principal component analysis, projection methods, Kalman filtering, multiple linear regression and generalized standard additions were reviewed. 44 These procedures were applied for correcting spectral interference and processing more spectral information in inductively coupled plasma-optical emission spectrometry (ICP-OES).
2·4 Combination of DS with Fourier-transform smoothing,
flow injection, kinetic analysis and liquid chromatography A new method, which combines Fourier-transform smoothing with ratio spectra derivative spectrophotometry has been developed for analysis of binary and ternary mixtures. 45 Fourier transform infrared spectrometry was developed for the simultaneous determination of binary mixtures of organic compounds. 46 Zero-crossing second derivative FTIR measurement technique was used for resolving the overlapping spectra of multicomponent mixture.
The simultaneous determination of mixtures of multicomponents with completely overlapping spectra was achieved by using a flow-injection-through sensor with diode-array detector utilizing first-derivative spectra. 
Nitroso-R salt acid, Zephiramine, naphthalene
Bromopyrogallol Red (BPR), Triton X-100 of a sorbent material packed in a flow-cell. 47 This technique relies on the recently developed flow-through sensor technology, by which retention and detection are integrated in a flowinjection system.
A flow injection system coupled to a photodiode array spectrophotometer (FI-PDA) was used for multicomponent kinetics determination of Cu, Zn, Co, Ni and Fe by first and second order multivariate calibration. 48 The developed method provides fast and cheap determination of the five metals at subppm range and demonstrates that the use of temporal and spectral information will increase the number of analytes to be simultaneously determined as well as improving the analytical figures of merit.
In liquid chromatography, the diode-array spectrophotometry was used as a chromatographic detector. 49 The resolution of chromatographic peaks utilizing derivative spectroscopic techniques was obtained. The method was based on derivatization of elution profile spectra obtained at the wavelength of the absorption maximum. In this technique, the second order derivative spectra of components were obtained around the maxima signal of overlapped chromatographic peaks.
2·5 H-point standard addition methods and DS
The H-point standard addition method (HPSAM) is one of the mathematical treatment data procedures utilized for analysis of multicomponent system. The principles of HPSAM were presented by Bosch-Reig and Campins-Falco.
50,51
The main advantages of the HPSAM are that it can eliminate and evaluate the error resulting from an interfering and blank reagent. [52] [53] [54] [55] [56] [57] Principle component analysis for selection of variables in the application of HPSAM and generalized HPSAM (GHPSAM) was developed. 58 The applications of HPSAM were reported for simultaneous determination of Ca and Mg, 59 iron and vanadium, 60 Cr and Fe, 61 Fe(II) and Fe(III), 62, 63 Au and Pd, 64 Fe(III) and V(V), 65 Cr and Co, 66 and V(IV) in the presence of V(V) 67 metal ions. Moreover, HPSAM and GHPSAM were utilized in the determination of cephalexin 68 and simultaneous determination of a binary mixture of anhydrous caffeine and phenazone as well as mixtures of atovaquone and proguanil hydrochloride, 69 theophylline and paraxanthine, 70 amphetamine and methamphetamine, 71 hydrazine and phenylhydrazine, 72 semicarbazide and hydrazine, 73 and periodate-bromate and iodate-bromate mixtures. 74 The use of GHPSAM with liquid chromatography was reported 75 for isolating the analytical signal in a chromatogram. The use of HPSAM to derivative analytical method has seldom been investigated. [76] [77] [78] [79] HPSAM as well as DS was used for glafenine and glafenic, 77 cephalosporins and ninhydrin, 78 ninhydrin-cefoxitin 79 
3·1 Inorganic analysis
DS techniques have been used for the quantitative analysis because of its great sensitivity and selectivity as well as its relativity low cost. Derivative spectra normally contain more apparent spectral detail than the normal spectra (zero derivatives). In individual determination of metal ions, DS methods are more sensitive and selective (eliminating the background interferences of complex matrices) as compared with normal spectra. So, DS have been widely used for determination of the individual analyte in complex matrices (cf. Table 1 ). Derivative methods for the determination of metal ions through the formation of complexes with diverse ligands are given in Table  1 . In recent years, the derivative ratio technique has been useful for resolving binary and ternary mixtures. Table 2 shows the analytical characteristics of diverse derivative procedures described since 1994 for simultaneous determination of binary and ternary mixtures of metal ions
The analysis of anions has seldom been investigated. The individual determinations of fluoride 163 and phosphate 164 and simultaneous determinations of phosphate and silicate 23, 165 and nitrate and nitrite 166, 45 were reported. Third derivative spectra have been used for the determination of fluoride in technical samples of Leuprolide (an anti-cancer drug for prosthetic cancer). The method was based on formation of the ternary complex La(III)-F --alizarin complexone. 163 The method for determination of phosphate was based on the measurement of the third derivative value of the ternary phosphate-molybdaterhodamine 6G complexes. The calibration graph was linear for 0 -240 µg mL -1 of phosphate and the limit of detection was 1. Recently, a first derivative spectrophotometric method utilizing zero-crossing technique of measurement has been developed for simultaneous determination of phosphate and silicate in synthetic detergents and water. 23, 165 The procedures, based on formation of phospho-and silicomolybdenum blue complexes in the presence of reducing agents were adopted to allow simultaneous determination of both anions. A second order derivative spectrophotometry was applied to the simultaneous of nitrate and nitrite ions in bath solutions for alkaline black-oxidation of steel. 166 The procedure was based on direct measurement of derivative values of an alkaline nitrate and nitrite mixture.
3·2 Determination of ionization constants of some chemical
compounds Recently, DS has been used for the determination of ionization constants of some organic compounds. [167] [168] [169] [170] [171] [172] [173] [174] [175] The method appears suitable in cases when classical spectrophotometry cannot be employed due to the tiny differences in the absorption spectra of conjugated acid-base pairs. Levillain and Fompeydie 167 utilized the DS to determine the two-pKa values of eosine that were strongly overlapped (pK1 = 3.25, pK2 = 3.8). Gonzales et al. 168 were used zero-crossing DS method for determination of acidity constants of compounds with unsuitable absorption features. A method for calculation of acid-base dissociation constants of monoprotic weak organic acids whose acid and base species have overlapping spectra from absorptiometric and pH measurements was reported. 169, 170 A DS can effectively be used for determining the dissociation constants of Methyl Orange and Bromothymol Blue 169 and Chrome Azurol S. 170 The acidity constants of lorazepam and flurazepam were determined utilizing a DS method. 171 The procedure was based on theoretical considerations, seven variants of the method have been established and their validity was checked.
A zero-crossing first-order derivative spectrophotometric kinetic study of acid hydrolysis of lorazepam was reported. 172 Mathematical treatments based on the first DS procedure and the target factor analysis method were applied to calculate the pKa values of benzoic acid, phenol, phthalic acid, nicotinic acid, p-aminosalicylic acid and phenolphthalein ionizable substances. 173 Ionization constants were determined for sparingly soluble compounds with the aid of DS. 174 The dissociation constants (pKa) for sparingly soluble phenothiazines in water were measured by second-DS. The intense background signals in the absorption spectra due to the turbidity caused by the precipitation of insoluble free base of the phenothiazine derivatives were eliminated in the second-derivative spectra. Moreover, a fourth-order derivative method was developed for the kinetic investigation of the acidic hydrolysis (degradation) of prazepam which was carried out in 0.01, 0.1 and 1.0 M HCl solution. 175 
3·3 Pharmaceutical analysis
Because of their importance in therapy, the determination of some drugs is an analytical problem in the quality control of the pharmaceutical industry. DS is an analytical technique of great utility for resolving drug mixtures with overlapping spectra. Moreover, DS has been applied successfully to the determination of drugs in the presence of their degradation products.
The analytical characteristics of DS methods for drugs determination are described in Table 3 . In determination of an individual drug, drug additivities and drug decompositions both interfered. Therefore, utilizing DS for the assay of individual drug allowed elimination of undesirable interferences as compared with normal spectrophotometry. Moreover, Table 4 illustrates the analytical characteristics of derivative methods for simultaneous determination of multicomponent mixtures of pharmaceutical compounds. About a hundred and fifty methods for individual and simultaneous determination drugs have been reported over the last few years. 170 [324] [325] [326] [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] Since the lipid vesicles intense background signals by light scattering, the determination of partition coefficients of drugs to lipid bilayer with normal spectrophotometric methods was very difficult. In derivative UV/VIS spectrophotometry, the spectral changes were enhanced as well as elimination of the residual background signal effects.
Cusodio el al. 324 has described a derivative method for the determination of membrane-water partition coefficient (Kp) of the anticancer drugs tamoxifen and 4-hydroxytamoxifen. Kitamura et al. 325 developed a second derivative spectrphotometric technique for the determination of the partition coefficients of the drugs that have the nature of metachromasy between lipid vesicles and water. A similar procedure was used for the determination of partition coefficients of six phenothiazine derivatives, chlorpromazine, triflupromazine, promazine, promethazine and prochlorperazine between the human erythrocyte ghosts and water. 326 Second-derivative spectra have been used for the determination of partition coefficients of diazepam and flurazepam between phosphatidylcholine bilayer vesicles and water. The value (Kp) was 30.8 ± 2.5 × 10 3 .
327
Moreover, the effect of phosphatidylserine content on the partition coefficients of the phosphatidylcholine; phosphatidylserine bilayer of small unilamellar vesicles and water was studied by DS. 328 Partition coefficients of four drugs, chlordiazepoxide (a benzodiazepine), isoniazid and rifampicin (tuberculostatic drugs) and griseofulvin (an antifungal antibiotic) in dimyristoyl-l-α-phosphatidylcholine/water were determined with DS. 329 Furthermore, the second derivative spectrophotometric technique was utilized for determination of the partition coefficient between egg yolk phosphatidylcoline multilamellar vesicles and water 330 and of the partition coefficients of chlorpromazine and triflupromazine between phosphatidylcoline-cholesterol bilayers of unilamellar vesicles and water. 331 The partition coefficients of three N-monodemethylated metabolites of phenothiazines between phosphatidylcholine vesicles and water were determined to evaluate their affinity to biomembranes by second-DS. 332 Moreover, the interactions of chlorpromazine and triflupromazine with bovine serum albumin were studied. 333 The effect of lecithin on the partition coefficients of amphiphilic drugs (β-blockers, atenolol and nadolol) in mixed bile salt/lecithin micelles was studied by DS. 334 The liposome/aqueous phase partition coefficients of nimesulide in EPC liposomes were determined under physiological conditions, by derivative spectrophotometry. 335 Phenothiazine was clinically useful as a tranquilizer. So, second DS was utilized for the determination of the partition coefficients of newly-synthesized phenothiazines between phosphatidylcholine phase and water.
336

3·5 Clinical analysis
For clinical laboratory measurements, analytical methods must be suitably accurate and precise over the expected range of values required. In addition, is often desirable that the method be inexpensive, reliable, rapid and easily automated. DS has the potential to satisfy these criteria. Derivative spectrophotometry has been applied to simultaneous and individual determination of cefuroxime and cefadroxil, cepfrozil in urine, 337, 338 coenzyme Q10 in plasma, 339 fleroxacin in serum, 340 metronidazole and miconazole nitrate in ovules, 343 naproxen, pefloxacin, piroxicam and 5-hydroxypiroxicam [344] [345] [346] [347] in plasma and serum and propofol in biological fluids in pregnant women. 348 Analytical characteristics of derivative procedures for clinic and forensic analysis are summarized in Table 5 .
3·6 Food analysis
Mixtures of two or three colorants (Tartrazine, Riboflavine, Curcumin, Erythrosine and Sunset Yellow, etc.) were commonly used as additives in food and soft drinks to achieve subtle and ideal colors. In addition, colorants often used commercially as alimentary additives in pharmaceuticals and cosmetics. Generally, the ordinary spectrophotometry was used for determining these dyes. However, there is an overlap of their absorption spectra and the influence of matrix effects appears on the measurement of the analytical signal. This problem can be overcome by using DS. The food analysis application of DS is given in Table 6 .
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Conclusion
This review shows the important role of derivative spectrophotometric technique in analytical chemistry. The spectrum obtained with DS offer a convenient solution to a number of well-known analytical problems, such as the resolution of multi-component systems, removal of sample turbidity, matrix background and enhancement of spectral details. Due to the DS software and easier access to analytical instrumentation and microcomputers, DS will find interesting applications in various fields of analytical chemistry. 
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